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1.  Introduction 

Reflector  antennas  with  limited  electronic  scanning  are  of 
interest  for  communications  and  radar  applications.  For 
space  applications,  attitude  control  systems  can  provide 
good  angular  control  of  the  antenna  aperture  with  small 
residual  angular  errors  on  the  order  of  ±0.5°  or  less  in  the 
antenna  main  beam  pointing  direction.  To  reduce  residual 
angle  errors  due  to  limitations  in  mechanical  pointing, 
electronic  compensation  of  beam  pointing  can  be 
considered.  A  well-known  approach  to  generating  limited 
electronically  scanned  beam  radiation  patterns  is  to  utilize  a 
Gregorian  dual-reflector  antenna  system  with  confocal 
paraboloids  and  a  phased  array  feed.  This  type  of  antenna 
system  is  usually  designed  in  an  offset  configuration  to 
avoid  blockage  effects  [1-4].  However,  in  this  study,  an 
axisymmetric  Gregorian  antenna  system  design  was  desired, 
which  could  allow  easier  fabrication  compared  to  an  offset 
design.  In  the  case  of  a  space-deployable  antenna  [5-8],  a 
reduction  in  mass  and  maintaining  surface  tolerances  are 
important  goals,  which  might  be  achieved  using  an 
axisymmetric  inflatable  design  as  depicted  as  an  artist’s 
concept  in  Figure  1.  Thin-film  materials  with  and  without 
electrically  conducting  coatings  can  be  considered  for 
designing  a  space-deployable  antenna.  The  phased  array 
feed  is  assumed  to  be  an  ideal  planar  source  in  this  study.  In 
the  case  where  a  large  magnification  is  used  with  limited 
scanning,  the  diameter  and  subsequently  the  blockage  of  the 
subreflector  can  be  relatively  small.  A  2m  diameter  Ku- 
band  Gregorian  reflector  system  operating  at  16  GHz 
(X=1.875  cm)  with  half-power  beamwidth  0.56°  and  limited 
main  beam  scanning  has  been  analyzed  and  optimized  using 


Figure  1.  Artist’s  concept  of  an  inflatable  axisymmetric 
Gregorian  reflector  system  deployed  from  a  generic  satellite 
body. 


2.  Antenna  numerical  simulation  model 

As  shown  in  Figure  2,  a  Ku-band  Gregorian  confocal 
reflector  system  with  a  primary  parabolic  reflector  diameter 
D= 2m  and  focal  distance  /p= 0.8m  (fp/D=0A ),  parabolic 
subreflector  diameter  <7=0.5  m  and  focal  distance /s=0. 12m 
(fjd- 0.24),  and  phased  array  diameter  0.2m,  has  been 
analyzed  and  optimized  using  numerical  simulations 
conducted  with  the  multilevel  fast  multipole  method 
(MLFMM)  using  FEKO  software  (www.feko.info).  The 
primary  and  secondary  reflectors  were  analyzed  as  perfect 
electric  conductors.  Optimization  was  performed  as  a  grid 
search  with  the  subreflector  diameter  and  subreflector  focal 
distance  taken  as  the  search  parameters.  The  search 
optimization  goal  was  assumed  here  to  be  peak  directivity 
for  a  0.5°  scan  angle.  The  magnification  factor  for  this 
reflector  system  is  given  by  the  ratio  of  the  primary  to 
subreflector  focal  distances  or  m-  /p  If  =6.67 .  The  angle 
from  the  center  of  the  feed  array  to  the  edge  of  the 
subreflector  is  18°. 
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vertex  of  the  primary  reflector.  Numerical  electromagnetic 
simulations  based  on  the  multilevel  fast  multipole  method 
(MLFMM)  were  used  to  analyze  and  optimize  the  antenna 
parameters  for  limited  scanning.  Simulations  of  the 
scanning  performance  of  a  dual  reflector  system  with  a  2 
meter  diameter  primary  reflector  operating  at  Ku  band  are 
presented. 
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Figure  2.  Side  view  of  an  example  Ku-band  axisymmetric 
Gregorian  reflector  system  with  planar  phased  array  feeding 
confocal  paraboloids. 

Assuming  a  maximum  scan  angle  for  the  feed  array  of  10°, 
to  avoid  grating  lobes  the  maximum  element  spacing  is 
0.85X.  In  this  study,  the  phased  array  feed  is  an  ideal  20  cm 
diameter  circular  aperture  source  with  linearly  polarized 
elements  spaced  0.87,  on  a  square  grid  as  depicted  in  Figure 
3.  The  effects  of  array  mutual  coupling  is  ignored  in  the 
simulation  model.  The  feed  array  half-power  beamwidth  is 
5.6°  at  16  GHz,  so  the  subreflector  will  be  efficiently 
illuminated  even  at  the  maximum  array  scan  angle. 


Figure  3.  Phased  array  feed  simulation  model  with  ideal 
linearly  polarized  uniform  amplitude  illumination  over  a  20 
cm  diameter  circular  aperture  with  element  spacing  1.5  cm 
on  a  square  lattice. 


3.  RESULTS 


Simulated  directivity  patterns  for  the  axisymmetric 
Gregorian  reflector  system  with  phased  array  feed  scanned 
in  the  H-Plane  from  0°  to  -9°,  which  generates  main  beam 
limited  scanning  from  0°  to  1°  are  shown  in  Figure  5.  Due 
to  the  grid  search  optimization  simulations,  the  peak 
directivity  occurs  at  0.5°  for  the  case  where  the  array  scan 
angle  is  -4°.  A  display  of  the  main  beams  and  wide-angle 
sidelobes  for  the  cases  where  the  array  scan  angles  are  0° 
and  -4°  is  shown  in  Figure  6.  The  peak  directivity  for  the 
Gregorian  antenna  broadside  scan  is  44  dBi  and  increases  by 
2  dB  to  46  dBi  for  the  Gregorian  0.5°  scan  as  observed  in 
the  expanded  scale  plot  in  Figure  7.  It  is  further  evident 
from  Figure  7  that  the  directivity  at  an  observation  angle  of 
0.5°  improves  by  8.5  dB  (increases  from  37.5  dBi  to  46  dBi) 
when  the  array  scans  from  0°  to  4°.  The  maximum 
directivity  based  on  area  for  a  2m  aperture  at  16  GHz  is  50.5 
dBi,  so  46  dBi  indicates  an  aperture  efficiency  of  -4.5  dB 
(36%  efficiency).  Similar  results,  not  shown  here,  are 
obtained  for  array  scanning  in  the  E-plane. 
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Figure  4.  Simulated  surface  currents  for  the  axisymmetric 
Gregorian  reflector  system  with  phased  array  feed  scanned 
in  the  H-Plane.  (a)  0°  array  scan,  (b)  -5°  array  scan,  and  (c) 
-10°  array  scan. 


The  main  beam  of  the  reflector  system  was  scanned  by 
providing  a  progressive  linear  phasing  across  the  feed  array 
such  that  the  feed  array  main  beam  scanned  to  up  to  10° 
from  the  array  boresight.  Figure  4  shows  the  surface 
currents  in  dBA/m  on  the  primary  and  secondary  reflectors 
as  the  array  main  beam  is  scanned  at  0°,  -5°  and  -10°  in  the 
H-plane.  In  each  case,  the  primary  reflector  is,  in  part, 
under  illuminated,  which  will  result  in  reduced  directivity 
compared  to  a  fully  illuminated  reflector.  Direct 
illumination  of  the  primary  reflector  from  the  near-field 
sidelobes  of  the  phased  array  feed  is  observed,  and  this 
illumination  will  result  in  some  degradation  in  the 
Gregorian  antenna  directivity.  Spillover  at  the  primary 
reflector  is  observed  at  the  -5°  and  -10°  array  scan  angles, 
which  results  in  reduced  directivity.  For  a  2  meter  diameter 
primary  reflector  with  a  typical  60%  efficiency,  the  peak 
directivity  at  16  GHz  is  on  the  order  of  48.3  dBi. 
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Figure  5.  Simulated  directivity  patterns  for  the  axisymmetric 
Gregorian  reflector  system  with  the  phased  array  feed 
scanned  in  the  H-Plane  from  0°  to  -9°,  which  generates 
main  beam  limited  scanning  from  0°  to  1°. 
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Figure  6.  Simulated  directivity  patterns  over  a  60°  field  of 
view  for  the  axisymmetric  Gregorian  reflector  system  with 
the  phased  array  feed  scanned  in  the  H-plane  at  0°  and  -4°, 
which  generates  main  beam  scanning  at  0°  and  0.5°. 


Figure  7.  Expanded  view  of  simulated  directivity  patterns 
over  a  2°  field  of  view  for  the  axisymmetric  Gregorian 
reflector  system  with  phased  array  feed  scanned  in  the  H- 
plane  at  0°  and  -4°,  which  generates  main  beam  scanning  at 
0°  and  0.5°. 


5.  Summary 

The  design  of  an  axisymmetric  phased  array  fed  confocal 
parabolic  Gregorian  reflector  system  has  been  explored.  The 
antenna  utilizes  a  planar  phased  array  located  near  the 
vertex  of  the  primary  reflector.  Numerical  electromagnetic 
simulations  based  on  the  multilevel  fast  multipole  method 
were  used  to  analyze  and  optimize  the  antenna  parameters 
for  limited  scanning.  Simulations  of  the  scanning 
performance  of  a  dual  reflector  system  with  a  2  meter 
diameter  primary  reflector  operating  at  16  GHz  were 
presented.  In  this  design,  a  grid  search  optimization 
procedure  was  used  to  design  the  subreflector  diameter  and 
focal  distance  for  0.5°  scan  angle.  The  grid  search 
approach  could  be  applied  to  achieving  wider  scan  angles 
with  this  antenna  type.  Future  studies  should  include  the 
effects  of  reflector  surface  errors  and  errors  due  to  phase 
and  amplitude  illumination  of  the  phased  array  feed.  In  the 
case  where  reflector  surface  errors  or  reflector  alignment  is 


present,  phased  array  calibration  and  compensation  could  be 
used  to  improve  performance 
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